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Study on Rehardening of Demineralized Dentin
with the New Pulp-capping Agents Containing Bioactive Glass
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Abstract

Purpose: We measured the Knoop hardness of demineralized dentin over time using Cariotester to deter-
mine the effectiveness of several types of pulp-capping agent for atraumatic indirect pulp capping (AIPC).

Methods: Extracted human molars were used to prepare dentin samples with a diameter of 10 mm and
thickness of 2 mm. Sound dentin samples were immersed in lactic acid solution and were regarded as demin-
eralized when the value obtained using Cariotester was approximately 20 KNH. A new bioactive glass-com-
pounded pulp-capping agent (Shofu), Bio MTA cement (J. Morita), and NEX MTA cement (GC) were used
as the pulp-capping agents in the present study. Each pulp-capping agent was applied to the surface of
demineralized dentin and covered with Base cement. After the Base cement solidified, pulp-capped dentin
samples and controls were divided into two groups: those placed in a container with 100% humidity and
those immersed in remineralization solution, and stored at 37°C in a thermostatic chamber for 1 month and 3
months. The hardness of the capping agent-applied region was then measured. Data were analyzed using a
one-way analysis of variance and Tukey’s test (a =0.001). Pulp-capping agent-applied surfaces were also
observed under SEM.

Results: The hardness of demineralized dentin increased with the application of a new bioactive glass-com-
pounded pulp-capping agent, Bio MTA cement, and NEX MTA cement, and mineralized substance-like
aggregates were deposited on the surface of and between collagen fibers. It is assumed that the demineral-
ized dentin had remineralized as the bioactive glass-compounded pulp-capping agent was pasted.

Conclusion: These results indicate the effectiveness of the new bioactive glass-compounded pulp-capping

agent in the remineralization of demineralized dentin.
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Introduction

In recent years, the concept of minimal intervention
(MI) to save as much sound dentin as possible and min-
imize invasion has become widespread in the treatment
of dental caries. Reasons for this include advances in
pathological research on carious dentin, and the devel-
opment of dentin-bonding resins. Fusayama et al™®
reported that carious dentin could be classified into the
outer layer in which the dentin has been demineralized
and the collagen fiber disintegrated by cariogenic bac-
teria, and the inner layer in which cariogenic bacteria
do not exist, even though the dentin is partially demin-
eralized due to the effects of cariogenic bacteria. A lig-
uid for detecting dental caries was developed as an
indicator to distinguish between these two layers, and
has been widely used for caries removal*”. While the
outer layer which becomes dyed by the liquid needs to
be removed, it has been reported that physiological
remineralization occurs in the inner layer, which is not
dyed by the liquid, after repair to actively preserve
it678).

However, there are many cases in which pulp extir-
pation becomes unavoidable when caries advances to
the deeper parts of the dentin adjacent to the dental
pulp and when the total removal of infected dentin
would result in pulp exposureg). In such cases, atrau-
matic indirect pulp capping (AIPC) is recommended, in
which pulp extraction is avoided but instead preserva-
tion of the pulp is attempted by intentionally leaving
the infected dentin adjacent to the pulp to paste a cal-
cium hydroxide formulation or polycarboxylate cement
combined with tannin-fluoride preparation, and promot-
ing the sterilization and remineralization of the infected
dentin that was left as well as the formation of tertiary
dentin (reparative dentin). The remineralization of
demineralized dentin by pasting a calcium hydroxide
formulation or polycarboxylate cement combined with
tannin-fluoride preparation has been examined by vari-
ous methods including hardness examination, X-ray
examination, bacteriological examination, and histo-
pathological examination, and has been reported to be
effective!®?. Although hardness is an indicator of spe-
cial clinical importance, there had been few examina-
tions using objective indicators until Matsuda et al'®
reported on the results of measuring the hardness of
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carious dentin in the oral cavity over time after using a
calcium hydroxide formulation or a pulp-capping agent
combined with HY agent with Cariotester, an instru-
ment for measuring the hardness of carious dentin
developed by Shimizu et al!®*. Their results showed
that hardness that could be considered sound did not
recover in 3 months, even though the demineralized
dentin hardened depending on the Ca concentration. In
this study, we therefore measured the hardness of
demineralized dentin over time with Cariotester after
using the new pulp-capping agent or MTA cement. We
also pasted an improved pulp-capping agent on demin-
eralized dentin, which we prepared by using lactic acid
solution, to measure the Knoop hardness values of the
pasted surfaces after 1 month and 3 months. This arti-
cle also reports our examination on the effectiveness of
the pulp-capping agent by observing SEM images of the
surfaces pasted with the pulp-capping agent.

Materials and methods

1. Experiment samples

As the test teeth, we used human molar teeth that
had been removed and stored frozen at —40°C at the
Oral Surgery Department, Osaka Dental University
Hospital. We thawed the teeth under running water
immediately before use, and excluded those with caries,
clouding, coloring or cracking after observing the occlu-
sal surface of each tooth with the naked eye.

The study was conducted after obtaining approval
from the ethics committee, Graduate School of Den-
tistry, Osaka Dental University (Approval No. 111023,
April 5, 2019).

2. Experiment methods

1) Hardness measurement

In order to examine the changes in hardness over
time after pasting the pulp-capping agent, we used Car-
iotester (SUK-971, Saneime Co., Ltd., Kanagawa, Japan;
hereafter “Cariotester”) to measure the hardness of
sound dentin, demineralized dentin, and dentin at 1
month or 3 months after pulp capping according to the
manufacturer’s instructions. We specified the measure-
ment range to within 3 mm diameter of the center on
the enamel side in the sound dentin samples, and within
3 mm diameter from the center of the decalcified part
in demineralized samples and pulp-capping samples. We
took measurements at five points in each sample, and
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Table 1 Materials used

Brand Code Component Manufacturer Lot No.
The New Pulp-capping Agents SH-C S-PRG filler, Purified water, etc. Shofu G3P-70
containning Bioactive glass
Bio MTA Cement Bio-C Powder : Calcium carbonate, Silicon dioxide, J]. Morita BM1711D11
Aluminum oxide, Zirconia
Liquid : Purified water
NEX MTA Cement NEX-C Powder : Calcium oxide, Bismuth oxide, GC 1808031
Silicon dioxide, Aluminum oxide
Liquid : Purified water
Base Cement BC Powder : Fluoroalumino silicate glass Shofu Powder : 011621

Liquid : Acrylic acid-Tricarboxylic acid copo-

Liquid : 031620

lymer solution, Tartaric acid

used the average value of the five points as the hard-
ness of the sample. We specified the number of samples
under each condition as three.

2 ) Preparation of samples

We removed the pulp by cutting the root of a human
molar tooth at 3 mm to the apex from the anatomical
cervical line, and cut the enamel crown part and root
dentin part perpendicular to the tooth axis with a
model trimmer. We prepared dentin samples with 10
mm diameter and 2 mm thickness by polishing the
enamel side and the pulp cavity side of the exposed
dentin with waterproof abrasive paper #1000 (Trimite
papers, Wingo Co., Ltd, Osaka, Japan). We measured
the hardness of the enamel side of the dentin samples
with Cariotester, and used those that had an enamel
side hardness of around 60 KHN as the sound dentin
samples (hereafter, “sound samples”).

3) Preparation of demineralized dentin

To decalcify the sound samples, we used lactic acid
(Kishida Chemical Co., Ltd., Osaka, Japan; hereafter
“lactic acid”), which is one of the major organic acids
that are produced by cariogenic bacteria.

We soaked the enamel sides of the sound samples in
50 m/ of 20 mol// lactic acid solution, and left them
standing for 10 hours under suction from the pulp cav-
ity side at 0.01 MPa using an Aspirator (MDA-006,
Ulvac, Inc., Kanagawa, Japan; hereafter “Aspirator’).
After thoroughly rinsing the sound samples with dis-
tilled water, we measured the hardness of the enamel
side with Cariotester, and used those with a hardness
value of around 20 KHN as the demineralized dentin

samples.

4 ) Preparation of pulp-capping samples

Table 1 lists the pulp-capping agents and cements
that we used in the experiments. We tested Bio MTA
cement (J. Morita, Osaka, Japan; hereafter “Bio-C”) and
NEX MTA cement (GC, Tokyo, Japan; hereafter “NEX-
C”) according to the manufacturer’s instructions as
commercially available MTA cement products. We also
used a new bioactive glass-compounded pulp-capping
agent (Shofu Inc., Kyoto, Japan; hereafter “SH-C”) which
has a different mechanism from MTA cements. We
pasted thinly each of these pulp-capping agents to the
surface of the decalcified part of the demineralized den-
tin sample, and covered it with Base cement (Shofu Inc.,
Kyoto, Japan; hereafter “BC”) after the pulp-capping
agent had hardened, then used the samples as the
pulp-capping samples. We also used demineralized den-
tin samples which were covered only with BC instead
of pasting the pulp-capping agent as a control. After BC
curing, we placed the pulp-capping samples and control
samples in a container with 100% humidity, designating
these as the distilled water group, and immersed the
two types of samples in remineralization solution (1.5
mmol// CaCl,, 0.9 mmol/! KH,PO, 130 mmol// KCl, and
20 mmol/! HEPES) adjusted to pH7.0 with KOH, desig-
nating these as the remineralization solution group, and
stored them in a 37°C thermostatic chamber for 1
month or 3 months. After the storage period, we
removed the BC and the pulp-capping agent from the
pulp-capping samples and control samples while being
careful not to touch the area with a cutting instrument
such as a probe where the pulp-capping agent was
pasted, and measured the hardness of the area where
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Table 2 Knoop hardness of dentin in each condition after 1 month and 3 months
Stored condition Code SH-C Bio-C NEX-C BC
Distilled water Sound dentin 64.0 (0) 632 (14) 640 (0)® 63.6 (0.7)
Demineralized dentin 216 (0.7) 220 (1.1) 207 (02) 206 (12)°
M 451 (18) 473 (07) 561 (16)* 252 (25)°
Sound dentin 640 (0)¢ 632 (14)¢ 640 (0)° 636 (0.7)
Demineralized dentin 196 (04) 201 (06) 198 (04) 211 (1.0)f
3M 590 (7.1)¢ 612 (31)* 640 (0)¢ 224 (04)°
Remineralization Sound dentin 64.0 (0) 63.7 (05) 616 (24)¢ 620 (1.8)
solution Demineralized dentin 198 (0.1) 206 (15) 213 (0.2) 221 (0.7)"
1M 468 (25) 503 (37) 531 (61)¢ 251 (1.7)°
Sound dentin 64.0 (0) 637 (05) 616 (24)% 620 (18)
Demineralized dentin ~ 20.1 (06) 204 (0.7) 201 (04) 212 (06)!
3M 60.1 (20)7 628 (17)) 640 (0)* 223 (0.1)!
The unit Knoop hardness of dentin in each condition.( ) means SD of Knoop hardness. The num-

ber of samples was three for each condition. In each group, values with the same superscript

letters are no significantly different (o =0.001).

the agent had been pasted.

3. Observation of SEM images

To observe the surface of the pulp-capping sample
after hardness measurement, we fixed and dehydrated
the sample with alcohol series according to the normal
method, and freeze-dried the sample using a t-butyl
alcohol freeze dryer (VFD21S, VD, Ibaraki, Japan).
Then we conducted Os vapor deposition using an
osmium coater (HPC-20, VD, Ibaraki, Japan), and
observed the SEM images using a field emission scan-
ning electron microscope (S-4800, Hitachi, Ltd., Tokyo,
Japan; hereafter “SEM”). We also observed the enamel
side surfaces of sound samples and demineralized sam-
ples in a similar fashion.

4. Statistical processing

We statistically analyzed the measurement values
obtained from the samples by one-way analysis of vari-
ance and Tukey’s test (o <0.001).

Results

1. Hardness measurement
Table 2 shows the hardness value for each sample
we measured using Cariotester.
1) Hardness of sound samples and demineralized
samples
The average hardness of sound samples was 63.3=%
1.2 KHN, and the average hardness of demineralized

samples was 20.7£1.2 KHN. For all samples, hardness
decreased significantly in the demineralized sample
compared to the sound one.

2 ) Hardness of pulp-capping samples

(1) SH-C pasting group

This section outlines the results for the SH-C pasting
group. The hardness value after 1 month and 3 months
was 451218 KHN and 59.0+7.1 KHN in the distilled
water group, and was 46.8+2.5 KHN and 60.1£2.0
KHN in the remineralization solution group, respec-
tively.

In the SH-C pasting group, hardness improved signifi-
cantly after 1 month and after 3 months compared to
the demineralized sample, in both the distilled water
group and the remineralization solution group. Further-
more, it improved to a hardness level where there was
no significant difference from the sound sample after 3
months in both groups.

(2) Bio-C pasting group

This section outlines the results for the Bio-C pasting
group. The hardness value after 1 month and 3 months
was 47.3+0.7 KHN and 61.2+3.1 KHN in the distilled
water group, and was 50.3%=3.7 KHN and 62.8£t1.7
KHN in the remineralization solution group, respec-
tively.

After pasting the pulp-capping agent, hardness
improved significantly after 1 month and after 3
months compared to the demineralized sample, in both
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Demineralized dentin

Fig. 1 SEM images of sound dentin and demineralized dentin

The surface of sound samples was covered finely with crystal deposits such as

hydroxyapatite, and we were not able to observe any exposed collagen fiber.

The surface of demineralized samples showed collagen fibers exposed due to

decalcification by lactic acid. Crystal deposits were not observed between collagen

fibers, even though a small residual amount of crystal deposits was observed on the

collagen fiber surface. A : Crystal deposits

the distilled water group and the remineralization solu-
tion group. Furthermore, it improved to a hardness
level where there was no significant difference from the
sound sample after 3 months in both groups.

(3) NEX-C pasting group

This section outlines the results for the NEX-C past-
ing group. The hardness value after 1 month and 3
months was 56.1+1.6 KHN and 64.0+0.0 KHN in the
distilled water group, and was 53.1%£6.1 KHN and 64.0
+0.0 KHN in the remineralization solution group,
respectively.

After pasting the pulp-capping agent, hardness
improved significantly after 1 month and after 3
months compared to the demineralized sample, in both
the distilled water group and the remineralization solu-
tion group. Furthermore, it improved to a hardness
level where there was no significant difference from the
sound sample after 1 month and after 3 months, in both
groups.

(4) Control

This section outlines the results for the control

group. The hardness value after 1 month and 3 months
was 2524125 KHN and 224+04 KHN in the distilled
water group, and was 25.1=1.7 KHN and 22.3£0.1
KHN in the remineralization solution group, respec-
tively.

In the control group, no significant difference was
observed in both groups compared to the decalcified
sample in the hardness value after 1 month and the
value after 3 months.

2. Observation of SEM images

1) Observation of sound samples

Figure 1 (left) shows the results of SEM image obser-
vation on sound samples. The sample surface was cov-
ered finely with crystal deposits such as hydroxyapa-
tite, and we were not able to observe any exposed col-
lagen fiber.

2) Observation of demineralized samples

Figurel (right) shows the results of SEM image
observation on demineralized samples. Collagen fibers
were exposed due to demineralization by lactic acid.
Crystal deposits were not observed between collagen
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Fig. 2 SEM images of dentin applied SH-C
In both the distilled water group and the remineralization solution group, we observed that the intertubular dentin had

become finer due to calcification and that fine crystal deposition had occurred at the dentinal tubule opening after 1 month

and after 3 months. B : Fine crystal deposition

fibers, even though a small residual amount of crystal
deposits was observed on the collagen fiber surface.

3) Observation of pulp-capping samples

(1) SH-C group

Figure 2 shows the SEM images for the SH-C group.

The observation results for the distilled water group
are described below. We observed that the intertubular
dentin had become finer due to calcification and that
fine crystal deposition had occurred at the dentinal
tubule opening after 1 month. After 3 months, we
observed that the intertubular dentin had become even
finer due to calcification, along with fine crystal deposi-
tion at the dentinal tubule opening.

The observation results for the remineralization solu-
tion group are described below. We observed that the
intertubular dentin had become finer by calcification
and that fine crystal deposition had occurred at the
dentinal tubule opening in a similar fashion to the dis-
tilled water group after 1 month. After 3 months, we
observed that the intertubular dentin had become even
finer due to calcification, along with fine crystal deposi-
tion at the dentinal tubule opening.

(2) Bio-C group

Figure 3 shows the SEM images for the Bio-C group.

The observation results for the distilled water group
are described below. We observed that the intertubular
dentin had become finer due to calcification and that

minute crystal deposition had occurred at the dentinal
tubule opening after 1 month. After 3 months, we
observed that the intertubular dentin had become even
finer due to calcification, along with minute crystal
deposition at the dentinal tubule opening.

The observation results for the remineralization solu-
tion group are described below. We observed that the
intertubular dentin had become finer by calcification
and that minute crystal deposition had occurred at the
dentinal tubule opening in a similar fashion to the dis-
tilled water group after 1 month. After 3 months, we
observed that the intertubular dentin had become even
finer due to calcification, along with minute crystal
deposition at the dentinal tubule opening.

(3) NEX-C group

Figure 4 shows the SEM images for the NEX-C
group.

The observation results for the distilled water group
are described below. We observed that the intertubular
dentin had become finer due to calcification and that
granular crystal deposition had occurred at the dentinal
tubule opening after 1 month. After 3 months, we
observed that the intertubular dentin had become even
finer due to calcification, along with granular crystal
deposition at the dentinal tubule opening.

The observation results for the remineralization solu-
tion group are described below. We observed that the
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Fig. 3 SEM images of dentin applied Bio-C
In both the distilled water group and the remineralization solution group, we observed that the intertubular dentin had
become finer due to calcification and that minute crystal deposition had occurred at the dentinal tubule opening after 1
month and after 3 months. C : Minute crystal deposition
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Fig. 4 SEM images of dentin applied NEX-C
In both the distilled water group and the remineralization solution group, we observed that the intertubular dentin had

become finer due to calcification and that granular crystal deposition had occurred at the dentinal tubule opening after 1
month and after 3 months. D : Granular crystal deposition

intertubular dentin had become finer by calcification (4) BC group (control)

and that granular crystal deposition had occurred at the Figure 5 shows the SEM images for the BC group.
dentinal tubule opening in a similar fashion to the dis- The observation results for the distilled water group
tilled water group after 1 month. After 3 months, we are described below. The intertubular dentin had
observed that the intertubular dentin had become even become coarser due to decalcification after 1 month and
finer due to calcification, along with granular crystal after 3 months in a similar fashion to the demineralized

deposition at the dentinal tubule opening. sample, while exposed collagen fibers were observed
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Fig. 5 SEM images of dentin applied BC
In both the distilled water group and the remineralization solution group, we observed that the intertubular dentin had

become coarser due to decalcification after 1 month and after 3 months in a similar fashion to the demineralized sample,

while exposed collagen fibers were observed but there was no formation of calcium deposit-like aggregates.

but there was no formation of calcium deposit-like
aggregates.

The observation results for the remineralization solu-
tion group are described below. Like the distilled water
group, the intertubular dentin had become coarser due
to decalcification after 1 month and after 3 months in a
similar fashion to the demineralized sample, while
exposed collagen fibers were observed but there was
no formation of calcium deposit-like aggregates.

Discussion

Cases in which the carious dentin reaches into
deeper parts of dentin adjacent to the pulp are fre-
quently encountered in clinical practice. It has been
considered that pulp extirpation is recommended when
pulp exposure occurs due to caries in such cases. How-
ever, recent biological examinations of pulp??? have
shown that pulp has a high healing ability, and that
inflammation in pulp is reversible, thus highlighting the
importance of pulp preservation. Therefore, atraumatic
indirect pulp capping (AIPC) is recommended, in which
pulp extraction is avoided but instead preservation of
the pulp is attempted by intentionally leaving the
infected dentin adjacent to the pulp to paste a polycar-
boxylate cement combined with tannin-fluoride prepa-
ration or calcium hydroxide formulation, and promoting

the sterilization and remineralization of the infected
dentin that was left as well as the formation of tertiary
dentin (reparative dentin) even in caries that has
advanced to the deep parts of dentin adjacent to the
pulp. This treatment is specified as 3 months or longer
in the current dental care insurance system, and so it is
important to confirm the hardness after 3 months as a
guide value. While the possibility of remineralization of
the demineralized dentin and so forth when AIPC is
conducted in dental caries treatment is important, such
issues remain to be clarified. The presence of caries in
removed teeth is a potential research subject for eluci-
dating these problems. However, it is extremely diffi-
cult to secure a large number of carious teeth with
dentin that has decalcified to a similar degree. There-
fore, artificial preparation of demineralized dentin simi-
lar to natural caries would be invaluable for addressing
such problems. While there are numerous reports on
studies on the preparation of artificial carious den-
tin®3Y many of these are limited to the surface layer;
no report describes the preparation of an artificial cari-
ous dentin with thickness similar to that of caries.

In this study, we used lactic acid, which is an organic
acid considered to be produced in large amounts by
cariogenic bacteria, as the solution for decalcifying the
dentin®®**¥ . Furthermore, to prepare demineralized den-
tin with similar thickness to caries, we adopted the
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method of Matsuda et al.'® of soaking under suction
from the side of the pulp cavity by using an aspirator
instead of simply soaking the tooth in lactic acid solu-
tion'®. As a consequence, we observed deterioration in
Knoop hardness even on the sides of the pulp cavity.
Although we examined the changes in Knoop hardness
on the surface pasted with the pulp-capping agent over
time in this study, we assume that it would be possible
to prepare demineralized dentin with a certain thick-
ness similar to that of carious dentin by also measuring
the hardness on the sides of the pulp cavity and con-
ducting further examinations in the future. This would
greatly assist research on the depth of remineralization
in carious dentin. The hardness of dentin has been stud-
ied for a long time, and has been measured with micro
hardness testers such as the Mohs hardness tester,
Vickers hardness meter, and Knoop hardness tes-
ter®* . However, such studies were done on removed
teeth; there has been no report on measurements of
dentin in live teeth that are planted in the oral cavity.
Cariotester, an instrument for measuring the hardness
of carious dentin developed by Shimizu et al!*?” has
been commercially available for several years. By using
Cariotester and directly measuring the Knoop hardness
of carious dentin inside the oral cavity, it is possible to
apply an objective indicator called hardness to caries
treatment. However, a potential problem with Cario-
tester is the safety of using a water-based ink inside the
oral cavity, as the ink from a water-based ink felt pen
must be applied to the tip of the arm with a depressor
when taking a measurement. A further problem is com-
plexity in use, since the sample hardness is measured
by checking the depth to which the depressor is
pressed in by using a microscope, as the ink at the tip
of the depressor becomes lost only in the area that is
pressed into the sample.

We stored the pulp-capping samples we prepared in
a 100% humidity environment and in remineralization
solution. It has been reported that the pulp liquid acted
as a remineralization solution in a vital tooth®”.
Although the remineralization solution we used in this
experiment does not perfectly match the components of
saliva, we used it for our experiment in order to take
into consideration the effects of Ca contained in saliva
on remineralization.

The composition of the remineralization solution used
was not completely consistent with that of dental pulp
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fluid, but we used it to investigate the influence of Ca
contained in dental pulp fluid on remineralization. We
tested it as a pulp-capping agent-covering material. In
addition, samples covered only with the Base cement
without a pulp-capping agent were prepared as a con-
trol because the influence of fluoride ions slowly
released from the covering Base cement on softened
dentin remineralization was considered. No increase in
the hardness was noted in either the distilled water or
the remineralization solution group. We considered that
the effect of the storage solution was inferior to the
zone of decalcification, because the layer covering the
Base cement was thick.

Both Bio MTA cement and NEX MTA cement are
used as pulp-capping agents, root canal filling agents
and so forth in clinics. Characteristics of these MTA
cements include the sustained release of calcium ions,
and they have been reported to facilitate remineraliza-
tion'”. In this study, we observed an improvement in
hardness of the demineralized dentin in both the dis-
tilled water group and the remineralization solution
group after 1 month and after 3 months due to the sus-
tained release of calcium ions. We also observed in SEM
images that the intertubular dentin had become finer
due to calcification, with minute crystal deposition. It is
therefore assumed that remineralization of the demin-
eralized dentin occurred by pasting these MTA
cements.

The new bioactive glass-compounded pulp-capping
agent we used in this study is a water-based paste
whose main component is a bioactive glass. As a char-
acteristic of bioactive glass, the capacity to release vari-
ous ions (Sr, Al, Si, B, etc.) has been reported in addition
to fluorine release and recharge in a similar fashion to

t4% 1In this study, we observed

glass ionomer cemen
improvement in hardness of the demineralized dentin in
both the distilled water group and the remineralization
solution group after 1 month and after 3 months, as
various ions were released in a sustained manner. We
also observed in SEM images that the intertubular den-
tin had become finer due to calcification, with fine crys-
tal deposition at the dentinal tubule opening. It is
assumed that the demineralized dentin had recalcified
as the bioactive glass-compounded pulp-capping agent
was pasted. Compared to MTA cements, hardness had
improved more slowly after 1 month, but had become
equivalent to that of MTA cements after 3 months. It is
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therefore considered that hardness improved slowly
due to the sustained release of ions. It is also possible
that the state of hardening in the demineralized dentin
may differ between MTA cements with the capacity
for sustained release of Ca ions and the bioactive
glass-compounded pulp-capping agent with the capacity
for sustained release of various ions; we should examine
whether this improves the hardness in deeper parts of
demineralized dentin. There may also be additional
effects of various ions such as bacteriostatic effects on
the recalcified dentin, in addition to the remineraliza-
tion by calcium ions. According to a report by Matsuda
et al'® pasting polycarboxylate cement combined with
tannin-fluoride preparation, calcium hydroxide prepara-
tion and so forth did not achieve a hardness equivalent
to that of sound dentin, although they observed a ten-
dency of improved hardness. In our study, we were
able to obtain hardness equivalent to that of a sound
tooth in 3 months with efficient remineralization, by
using a new bioactive glass-compounded pulp-capping
agent or MTA cement as the pulp-capping agent. Since
these agents have also been reported to have antibacte-
rial properties, biocompatibility, and capacity to induce

46-48)

hard tissue formation , we expect they will be effec-

tively used in clinical applications in the future.
Conclusions

Based on hardness measurements of various
pulp-capping samples by using Carlotester, a device for
measuring Knoop hardness, and observation of SEM
images on sample surfaces, we obtained the following
conclusions.

1. When only the back layer was covered with con-
ventional glass ionomer cement (Base cement) instead
of implementing pulp capping, there was neither an
improvement in the hardness of the demineralized den-
tin nor a tendency for remineralization.

2. When the new bioactive glass-compounded
pulp-capping agent was applied, the hardness of the
softened dentin was improved and a tendency for rem-
ineralization was observed in a similar fashion to apply-
ing MTA cement.

The authors declare no conflicts of interest associated

with this manuscript.
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